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(71) We, THE PROCTER & GAMBLE 
COMPANY, a coxpc»ation organised and 
existing under the laws of die State oi Ohio, 
United States of America, of 301 Bast Sizdi 

5 Street^ Cincinnati, Ohio 45202, United 
States of America, do hereby dedare the 
invention, ioc wbxdi we pray diat a patent 
ttiay be granted to us, and the method by 
whidi it is to be performed, to be particu- 

10 laily described in and by the following state- 
ment:— 

This invention relates to processes and 
compositions which axe useful to xemineralize 
subsurface dental enamel More specifically, 

15 this invention relates to salt solutions, sudi 
as calcium and phosphate salt solutions, 
which are sequentially applied to dental 
enamel resulting in remineralization of sub- 
surface d^ual enameL 

20 It is well known in the dental art that 
dental caries begins as a subsurface de- 
suheralization (S^te spot*0 of die dental 
enamd and that remineralization may be of 
importance in vetarding or arresting dental 

25 caries. U.S. Patent 3,679,360, July 25, 1972, 
to Rubin et al., disdoses a mediod, the 
purpose of vdiich is to deposit calcium phos- 
phate from a gel medium onto the surface 
6t a tooth. But this method of remineralizing 

30 has several disadvantages. Reminerali2ation 
occurs only on the surface of the tooth where- 
as die initial cause of dental caries is sub- 
surface demineralization. The surface on 
apatite growth is desired must be pre- 

35 pared (as by roughening), and the tooth and 
coatings must be covered by a suitable cap 
for several days vrtule the mineralization ci 
the tooth surf ace occurs. 
The disadvantages of the method dis- 

40 dos^ in the Rubin et aL patent are over- 
come by the present invention which pro- 
vides for subsurface remineralization rather 
than surface remineralization. Since dental 
caries begins as a subsurface demineralization 

45 of the dental enamd, subsurface remineraliza- 
tion arrests and repairs the carious lesion 
before any permanent structural damage to 
the tooth occurs. The present invention does 



not require preparation of die enamel surface, 
capping of tiie tooth, or removal of decay 
products. Further, the present invention may 
be conveiuently practiced by the public with- 
out substantially changing their dental caie 
habits. 

The present invention provides an oral 
treatment padc comprising as components 
adapted for sequential application (in either 
order) to dental tissue: — 

(A) a first component which comprises a 
cation in vrater-soluUe form, v^ch 
cation is capable of forming an in- 
soluble predpitate; and 

(B) a second conq)onent whidi comprises 
an anion in water-soluble form, which 
anion is capable of forming with said 
cation an insoluble predpitate adapted 
to temineralize snbsiuface dental 
enamd, 

\dierein one or bodi of the components con- 
tains a flavouring agents, the components 
bdng oxnpatible with the oral environment 
and being sudi ^ to have a pH from 3 to 
10 sdution. 

Concentrations ci caticmic and anionic 
solutions for use as the components of the 
invention may generally be fKMn 0,005% to 
10% (or the limit of solubility of the salt), 
with from 0.05% to 5% being preferred. 
(These percentages are by weight). More 
than one cation may be employed in die 
cationic solution. Similarly, more than one 
anion may be employed in the anionic solu- 
tion. 

The application of the orsd treatment pack 
of the invention involves: 

(1) applying one of the components to the 
surface of a tooth having a de- 
mineralized substuf ace for a period 6i 
time suffident to sdlow the said ion of 
that component to diffuse into the 
demineral^ed subsurface;, and there* 
after 

(2) applying the other component to the 
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surface of the tooth whereby the said 
ion of that other component is diffused 
into the demineraHzed subsurface and 
the said insoluble precipitate is thereby 
5 formed. 

The remineralizing precipitate formed is 
less susceptible to demineralization than 
original enamel if heavy metal cations and 
fluoride anions, are employed. 

10. There is- a- visible effect on "white spots'* 
after as few as eight sequential applications, 
and it is contemplated that several sequential 
applications will be employed to achieve the 
most beneficial results. 

15 The present invention involves the dis- 
covery that subsurface dental enanoel may be 
remineralized by the sequential application of 
cenain soluble salts yidding ions which will 
react- to form a remineralizing precipitate. 

20 The sequential application consists of two 
steps which may be performed in either 
order, although Ae following order is 
slighdy preferred. In the first step, one com- 
ponent is placed in contact with the toodi 

25 surface nearest to die demmeralized sub- 
surface. This, first component preferably 
contains the stated cations, and they diffuse 
through the tooth surface to its demineralized 
subsurface. 

30 In the second step, the other component 
contaiiung the stated anions is placed in con- 
tact with the toodi surface nearest die de- 
mineralized subsurface. The anions diffuse 
through the tooth surface to the de- 

35 mineralized subsurface where they come in 
contact with the cations previously deposited 
and form a precipitate which is bound to the 
tooth structure. As a result, die U)oth's sub- 
surface is remineralized. 

40 Concentrations of the salt soludons are 
generally from 0.005% to 10% or the limit 
of solubility of the salt, as stated above. 
Excess salt can be present, if desired. Con- 
centrations from about 0.05% to about 5% 

45 are preferred. The concentrations of Ae 
soluble salts containing the desired anions are 
essendaUy the same as those for the water- 
soluble salts containing the desired cations. 
Equivalent concentrations are not necessary 

50 since in each step an excess of the reactant 
is desirable in order to promote diffusion 
into ike tooth's demineralized subsurface. 

While the length of time of contact 
betw een^ the salt solutions and tiie tooth's 

55 surface is not critical, it is necessary for the 
length of time to be great enough to allow 
diffusion of the ions through the toodi's 
surface to the deminersdized subsurface. It 
is believed diat at least ten seconds is required 

^0 for tills diffusion. 

Each soludon should have a pH of from 
3 to^ 10 before and after the precipitation 
reaction,^ and be otherwise compatible in the 
oral environment. The ions must not combine 



prematurely in the pack to form a precipitate, 65 
but ions from each component must be able 
to diffuse through the surface of die tooth 
to a demineralized subsurface area and be 
able to form an insoluble salt with ions of 
the other component. 70 

The solutions and the insoluble pre- 
cipitates are preferably not colored, and, of 
course, must have acceptable levds of 
toxicity. 

Aldiougji many precipitates are within the 75 
broad scope of this invention, by depositing 
a precipitate less soluble than the original 
enamel, the remineralized subsurface can be 
made to be more resistant to demineralization 
than was the original enamel. If the re- 80 
mineralization contemplated this invention 
is carried out in the pzesence of either a 
heavy metal ion or fluoride ion, the re- 
mineralized enamel is more resistant to de- 
mineralization than was die original enamel. 85 
If both ions are present, the remineralized 
enamel is even more resistant to demineraliza- 
tion. The concentration of salt containing 
heavy metal ion and fluoride ion in their 
respective solutions may be from 0.005% to 90 
10%, in accordance with the limits given 
above, but from 0.005% to 0.1% is pre- 
ferred. 

Examples of suitable heavy metal ions are 
barium, lanthanum, manganese lead, tin, 95 
zinc^ indium, zirconium, iron, titanium, 
vanadium, and cadmium. Indium is preferred. 

In die most preferred embodiment of the 
present invention, the remineralizing 
cationic solution contains from about 0.005% lOO 
to about 10%, preferably about 1%, of a 
soluble calcium salt yielding calcium ions and 
from about 0.005% to about 10%, preferably 
from about 0.005% to 0.1% of a soluble 
indium salt yielding indium ions. The re- 105 
mineralizing anionic solution contains from 
about 0.005% to about 10%, preferabty 
about 1%, of soluble phosphate salt yielding 
phosphate ions and from about 0.005% to 
about 10%, preferably from about 0.005% 110 
to ^out 0.1% of a sohible flucmde salt 
yielding fluoride ions. 

The resulting precipitate is a calcium 
phosphate or hydroxylapathe^ the namral 
constituent of tooth enamel, with incor- 115 
porated indium and fluoride ions. Not only 
does this process result in remineralized 
enamd, but the remineralized enamd. is more 
resistant to subsequent demineralization th? " 
was tiie original enamel. 120 

Soluble fluoride and indium salts v^Mch 
are suitable for use in solutions of die present 
invention indude^ but are not limited to, 
soditmi fluoride, zinc fluoride;, betaine 
fluoride, alanine stannous fluoride^ hexyl- 125 
amine fluoride, indium chloride, inc^m sul- 
fate, and indium nitrate. Suitable salts for 
other desired cations and anions would 
obvious to one skilled in the art. 
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The anions which give desirable insoluble 
precipitates include phosphate, Cg — Cig fatty 
. acyl groups, fluoride, fluorophosphate, silica 
fluoride, molybdate, sulfate, tungstate, ^ - 

5 hydroxyquinolate, tartrate, sorbate, Cg — Cig 
ai^l sdfonates, carbonates, iodates, etc 
Mixtures these anions are desiratde. 

Cations which give desirable insoluble pre- 
cipitates are calcium, zinc, indium, rare eardi 

10 metals, magnesium, manganese, cadmiuin, 
aluminum, barium, lantfainum, zirconnnn, 
strontiun, cesium, etc. Mixtures of these 
cations are desiraUe. 
These cations and anions which fonn the 

15 insoluble remineralizing precipitates are 
obtained from solutions of the corresponding 
soluble salts. Suitai^e soluble salts of the 
cations used in this invention indude the 
chloride^ acetate and gluconate salts of the 

20 desired cation. Similarly suitable soluble 
salts of the anions of tim invention indude 
sodium, potassium, ammonium, and sub- 
stituted ammonium salts. 
The many different cations and anions with 

25 whidi one could remineralize tooth enamd 
combine to foim many different predpitates. 
Most preferred predpitates are calcium 
phosphate compounds with small amoimts of 
indium and fluoride incorporated therein. 

30 The following predpitates ciisdose not only 
desirable remineralizing predpitates but, of 
course, also the cations and anions necessary 
to form the predpitates. It VTiU be recognized 
by one skilled in the art that some of these 

35 precipitates can be formed by first forming 
an original predpitate which then further 
reacts to form the indicated predpitate; For 
exaniple, a hydroxide may rozm first and 
then react furdier to form the corresponding 

40 oxide. 

Preferred predpitates are: CaMoOs^; 
CaWO*; ZnNHJP04; InP04; rare eardi 
phosphates sudi as lanthanum, cerium, and 
sumarium (U) phosphate; rare eardi fluorides 

45 such as landi^um, cerium, praseodymium, 
neodymium, and samarium fluorides; mag- 
nesium alkyl (Cia) sulfonate; magnesium 
steanue; minimi stearate; cadmium iodate^ 
cadmium hydroxide; Ca phosphates, Zn 

50 stearate; Al phosphates. 

As discussed before, the cations of the 
above predpitates are readily obtained from 
a solution <^ the corresponding sc^uble salts, 
e.g.^ the chloride salts. The anions of the 

55 above predpitates are readily obtained from 
solutions of the corresponding soluWe salts, 
e.g:, sodium, potassium or ammonium salts. 

Other predpitates contemplated this 
invention are: Aluminum oxide; aluminum 

60 hydroxide; barium soaps; Ba stearate; Ba 
palmitate; Ba myristate; Ba laurate; barium 
fluorophosphate; barium silicofluoride; 
barium molybdate; barium phosphates 
BasCPQOj, BaHPO^ and Ba(H2P04)2 mixed; 

65 barium sulfate; barium tungstate; indium 8 - 



hydroKyquinolate; indium hydroxide; indium 
phosphate; lanthanum tartrate; landianum 
sorbate; lanthanum oxalate; lanthanum oxide; 
lanthanum tungstate; lanthanum phosphate; 
magnesium 8 - hydroxyquinolate (oxine); 70 
magnesium allcyl sulfonates such as mag- 
nesium n - decyl sulfonate^ magnesitmi lauryl 
sulfonate, magnesitmi mydstyl sulfonate, 
magnedum cetyl sulfonate, and magnedum 
n - octadecyl sulfonate; magnesiimi oleate; 75 
magnesium nq^ristate; magnesium palmitate; 
magnesium stearate; magnesium laurate; 
magnesium carbonate; magnesium fluoride; 
magnesium phosphates; magnedtun anomon- 
ium phosphate; manganese carbonate; 80 
manganese hydroxide; manganese ammonium 
phosphate; nidod hydiroxide; laurate; 
myristate; pahnitate; stearate; lead phos|^ate 
(ortho); stannous oxalate; zinc tartrate; zinc 
hydroxyquinolate; zinc carbonate; zinc 85 
oxalate; zinc hydroxide; zinc phosphate 
(usually complex mixtures); zinc ammonium 
phosphate; zirconium hydroxide; zirconium 
phosphate; caldum carbonate; caldum 
molybdate; caldum silicate; caldimi tun^ 90 
state; caldum lauryl sulfonate; caldum 
myristyl sulfonate; caldum n - hexadecyl 
sulfonate; caldum n - octadecyl sulfonate; 
caldum oleate; calcium stearate; caldum 
tartrate; calcium aluminates; calcium 95 
hydroxide; caldum ammonium phosphate; 
tricaldum phosphate; dicaldum phosphate; 
c^dum monofluorophosphate; Li3Po4; 
MgHPO*; MgsCPO^)^; JVlgNH^PO^; alumin- 
iimi phosphates; aluminium orthophosphate; 100 
caldum phosphates; zinc phosphates; 
strontium phosphate; indium; tin; barium 
phosphate; eerie phosphate; 

AICO^,; In(OH),; Mg(OH),; MoO^; 

SiOirSiOj.XHaO; Sn(bH)s; SnO.XHaO; 105 



Ti(0H)^Ti02); V-Oa; WO,; and ZnCOH)^. 



Since the can'onic and anionic components 
of the remineralization predpitate must be 
delivered to die tooth surface in a sequential 
manner, it is necessary to employ a delivery 110 
system whidi meets this requirement. The 
oral treatment pack can comprise two 
separate delivery vehides, eadi containing 
one component Or the oral treatment pack 
can consist of one vehide v^ch contains both 115 
components segregated so as to be rdeased 
in a sequential maimer. 

Examples of two vdiide systems, in ^lich 
cationic components are in one vehide and 
anionic components are in anodier vehide 120 
are: Moudiwash-mouthwash; toothpaste- 
toothpaste; toothpaste-mouthwash; mouth- 
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wash-toothpaste; beverage-beverage; candy 
drop-candy drop; nutritional substance- 
nutritional substance; toothpowder-toodi- 
powder; and so forth. 

Esamples of one vehicle systetns where 
some means is provided for sequential release 
of the components indude^ but are not 
limited to, a metastable system in which ions 
are relea^ at different times; a toothpaste 
in whidi one ingredient is encapsulated for 
delayed release; a two-compartment botde; 
a lozenge^ widi a laminated structure so that 
first one ionic ingredient is released and then 
another; a diewing gum made so that one 
ingredient is released before the oAer; a 
nutritional substance in whidi one ingredient 
is released before the other; and so fordi. 

The flavouring agents may of course be 
any of those conventionally used in oral com- 
positions (e.g. toothpastes, diewing gums, 
lozenges). In addition the oral treatment pack 
may contain other useful ingredients such as 
compatible therapeutic agents, sudsing agents, 
sweeteners, coloring agents, abrasives, 
thickeners, preservatives, and stabih'zers. 
Examples of such ingredients are disclosed 
in U.S. Patent 3,175,951, Tucker et al., 
March 30, 1965. 

The two components of several oral treat- 
ment packs which are embodiments of this 
invention are set forth in the following 
examples which are givm to further illustrate 
the present invention. 



EXAMPLE I 
Cationic Mouthwash 
Ingredient % by weight 

Indium tridiloride (2.89% 

solution in HsO) I.OOO 
Caldimi trichloride 1,109 - 

Glycerin, U.SP. 10.000 

Ethanol, 190-proof, U.S.P. 7.500 

Flavor 0.170 
Polyoxyethylene (20) sorbitan 

monoisostearate 0.450 

Sodium sacdiarin, NJ?. 0.090 

Boric add, U.SJ*. 0.075 

Gladal acetic acid, A.CS. 0.200 

NaOH (10% solution in H O) 0.400 
FD&C YeOow #5 (1% 

solution) 0.140 

Distilled water 78!866 



Anionic Mouth Rinse 

Ingredient % by weight 

Sodium fluoride 0.033 

Disodium phosphate 0.847 

Glycerin, U.SJ*. 10.000 

Ethanol, 190-proof, U.S.P. 7.500 

Flavor 0.040 
Polyoxyediylene (20) sorbitan 

monoisostearate 0.200 

Sodium saccharin, N.F. 0.050 

Boric acid, U.SJP- 0.075 

FD&C Green (1% solution) 0.045 

Distilled water 81.210 

100.000 



55 



60 



65 



100.000 



EXAMPLE n 
Anionic Dentifrice 

Ingredient 

Disodium phospha^ 
Sodium fiuor^e 
Abrasive (piedpitated silica 
^gd) 

Sorbitol (30% in water) 
Glycerin 

Hydroxyethylcellulose 
Kdtrol (a polysaccharide) 
Sodium alkyl sulfate (28% 

in water) 
Saccharin 
Titaniimi dioxide 
Flavor 
Color 

Q>ncentcated hydrodiioric 

add 
Water 

Cationic Dentifrice 

Ingredient 

Caldum diloride 

Indium tridilpride (2.89% 
sdation in HoO) ' 

Abrasive (precipitated 
mdamine foxmalddiyde 
condc»isation product) 

Sorbitd (30% in water) 

Glycerin 

Hydroxyethylcellulose 
Kdtnd (a polysaccharide) 

(Registered Trade Marie) 
Sodium allgrl sulfate (28% 

in HnO) 
Sacdiaiin 
Flavor 
Color 
Water 

Hydrodiioric add to pH 33 



% by weight 
3.820 
0.200 

19.000 
25.000 
11.000 
1300 
0.650 

3300 
0250 
0300 
0.900 
0350 

2.336 
balance 



% by wei^t 
5.000 

6.000 



37.000 
24.500 
5.700 
1300 

. 0.600 

4.200 
0.220 
0.970 
0300 
balance 
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EXAMPLE in 
Muldiayeied Lozenge 
Gationic Portion 

Ingredient % by wei^t 

5 Sorbitol 17.5 

Mannitol 173 

Starch 13.6 

CaCU.2H.O 4.7 

InOa 0.04 

10 Sugar substitute (Nidiaus) 1.2 

Flavor 11.7 

Color 0.1 

Com syrup balance 

Anionic Portion 

15 Ingredient % by weight 

Sorbitol 17.6 

Mannitol 17.6 

Starch 13.7 

NaaHPO^ 3.9 

20 NaF 0.4 

Sugar substitute (>Hehaus) 1.2 

Flavor 12.7 

Color 0.1 

Com syrup balance 

25 EXAMPLE IV 

Toothpowder 

CaticMiic Portion . 

Ingredient % by weight 

Sodium alkyl sulfate 1.00 

30 Indium trichloride 0.0289 

Sodium citrate 130 

Flavor 130 

Saccharin 029 

Abrasive balance 

35 Anionic Portion 

Ingredient % by weight 

Sodium alkyl snUate 1.00 

<■ Disodium ^osphate 3.82 

Sodium fluoride 0.20 

40 Sodium citrate 130 

Flavor 1-50 

Saccharin 0.29 

Abrasive balance 

EXAMPLE V 
45 Chewing Gum 

Gationic PcMtion 

Ingredient % by weigjit 

Gum base 
30 parts Estergum 
50 45 parts Coumarone resin 
15 parts dry Latex 
10 parts Paraffin wax 

(M,P.=180*F.) 30.00 

Sugar 50.00 

55 Com syrup 18.00 

InQa 0.0289 

CaQa 5M 

atric acid 1^ 

Flavor balance 



Anionic Portion 

Ingredient 

Gum base 
30 parts Estergum 
45 parts Coumarone resin 
15 parts dry Latex 
10 parts Paraffin wax 
(MP.=180"FO 

Sugar 

Com syrup 
Na^HPO^ 
NaF 

Citric acid 
Flavor 



% by weight 
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30.00 
50.00 
18.00 

3.82 70 
02O 
1.00 

balance 

Combinations of any of the above anionic 
with any of the above cationic compositions 75 
can also be used. When the above composi- 
tions are used in sequence in the human 
mouth, in their normal amounts, de- 
mineralized subsurfaces of teeth are re^ 
mineralized and the resulting tooth structures 80 
are less susceptible to re-dcmineralizations. 
The concentration of the combination of the 
calcium and indium salts and the combina- - 
tions of the phosphate and fluoride salts in 
the human mouth in use are respectively 85 
about 2% and about 1%. 

As an Example of the use of the oral treat- 
ment packs of the Examples a subject rinses 
his mouth with the cationic moudiwash of 
Example I and then rinses his mouth with. 90 
the anionic mouthwash of Example L Each 
rinse is performed for about ^ BO seconds. 
The cationic-anionic sequence is performed 
twice a day for four days. 

WHAT WE CLAIM IS:— 95 

1. An oral treatment pack comprising as 
components adapted for sequential application 
(in either order; to dental tissue: 

(A) a first component which comprises a 
cation in water-st^uble form, which 100 
cation is capable of forming an in- 
soluble precipitate; and 

(B) a second compon^ which comprises 
an anion in watersoluble form, which 
anion is capable of forming witii said 105 
cation an insoluble precipitate adapted 

to remineralize subsiuface dental 
enamelj 

\dierein one or both <^ the components con- 
tains a flavouring agent, the ccMnponents HO 
being compatible with the oral environment 
and being sudi as to have a pH from 3 to 
10 in solution. 

2. A pack as recited in daim 1 wherem 

the said cation and anion are present in their 115 
respective compcments in the form of con> 
pounds which are in solution in amotmts 
fmn 0.005% to 10%, might. 

3. A padk as recited in daim 2 wherein 

the said compoimds are present in their 120 
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respective components in solution in amounts 
trom 0.05% to 5%> by weight 

4. A pack as recited in any of claims 1 — ^3 
wherein the cation is selected from the group 
consisting of calcium, zinc, iron, indium, 
eardi metals, ma^esium, manganese, 
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rare 

cadmium, aluminium, bariinn, lanthanum^ 
zirconium, strontium and/or cesium. 

5. A pack as redted in any of daims 1 — 4 
wherein the anion is sdected from the group 
consisting ci phosphates, C,— Qg fatty acyl 
groups, fluoride, fluorophosphate, silico 
fluoride, molybdate^ sulfate, tungstate^ fi - 
hydroxyquinolate, tartrate sorbate, Q— da 
alkyl sulfonates, carbonates and/or iodates. 

6. A pack as redted in daims 4 and 5 
wherein the cation is a mixture of cddum 
and indium cadons and the anion is a mixture 
of phosphate and fluoride anions. 

7. A pack as recited in daims 4 and 5 
sudi diat die predpitate is sdected firom die 
group consisting of CaMoO^; CaWO^; 
ZnKH«P04; InPO^; rare earth phosphates; 
tare eardi fluorides; magnesium alkyl (CiJ 
sulfonate; magnesium stearate; caldum 
stearate; cadmium iodate; cadmium 
hydroxide; calcium phosphate; zinc stearate 
and/or duminium phosphates. 

8. A padc as redted in claim 7 such that 
the predpitate is sdected from the group 
consisting of lantfaanumj cerium and 
samarium QI) phosphates and lanthanum, 



cerium, praseodymium, neodymium and 
samarium fluorides. 

9. A pack as recited in daim 1 wherein 35 
the stated components are in the form of two 
sdutions, in \^ch: 

(A) the first solution contains from 
0.005% to 10% of a soluble caldum 
salti by weight; and 40 

(B) the second solution contains from 
0.005% to 10% of a soluble phos- 
phate sdi^ by weiglit. 

10. A pack as redted in daim 9 wherein 

(A) the first solution contains from 45 
0.005% to 0.1% of a sohible indium 
salt, by wdght; and 

(B) the second solution contains from 
0.005% to 0.1% of a sduble fluoride 
salt; by weight. 50 



11. A pad^ as redted in daim 1 
standally as herdnbefore described 
exempted. 



For die Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
43 Bloomsbury Square, 
London WCIA 2RA, 
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and 



P^fil^W K^-Sii^^^i^^ Spa, 1976. 
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